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(54) Drive power distribution control method and device for lour-wheel drive vehicle 


(57) A four-wheel drive vehicle is provided with a 
drive power transmission device for controlling the con- 
nection degree of a front wheel axle driven by an engine 
with a rear wheel axle. A drive power distribution control 
device is responsive to a vehicle speed, a rotational dif- 
ference between front wheels driven by the front wheel 
axle and rear wheels driven by the rear wheel axle, a 


throttle opening degree signal and the like and controls 
the drive power transmission device. The drive power 
distribution control device includes a vehicle starting 
judgment means forjudging whether the vehicle is be- 
ginning to start or not and at the starting of the vehicle, 
controls the transmission rate of the drive power trans- 
mission device in dependence on the state or manner 
in which the vehicle is beginning to start. 
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Description 

INCORPORATION BY REFERENCE 

[0001 ] This application is based on and claims priority 
under 35 U.S.C. sctn. 119 with respect to Japanese Ap- 
plications No. 2002-178621 , No. 2002-251656 and No. 
2002-278999 filed on June 19, 2002, August 29, 2002 
and September 25, 2002 respectively, the entire con- 
tents of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention : 

[0002] The present invention relates to a drive power 
distribution control method and device for a four-wheel 
drive vehicle. It also relates to a four-wheel drive vehicle 
having the drive power distribution control device. 

Discussion of the Related Art 

[0003] Heretofore, there has been known a drive pow- 
er distribution control device for a four-wheel vehicle, 
wherein the drive power transmission rate of a drive 
power transmission device is variably controlled In de- 
pendence upon a vehicle speed and an acceleration 
manipulation amount (e.g., a throttle opening degree in 
the case of a gasoline engine car) so as to variably con- 
trol the drive power distribution rate between front and 
rear wheels. More specifically a drive power (transmis- 
sion torque) depending on the vehicle speed and the 
acceleration manipulation amount is obtained by refer- 
ence to a predetermined torque characteristic map, and 
the friction engagement force of an electromagnetic 
clutch constituting the drive power transmission device 
for the four-wheel drive vehicle is controlled so that the 
torque so obtained can be transmitted to the front 
wheels or the rear wheels. The torque characteristic 
map is a table map of the type that a transmission torque 
can be extracted by designating the vehicle speed and 
the acceleration manipulation amount as parameters 
and is prepared in advance by experiments using a ve- 
hicle model or by a well-know theoretical calculation 
processing. 

[0004] However, the foregoing known drive power dis- 
tribution control device for the four-wheel drive vehicle 
involves the following problems. For example, in a ve- 
hicle with an automatic transmission (hereafter referred 
to as "AT vehicle"), the vehicle in an idling state with the 
transmission being selected to D-range is advanced due 
to a so-called creep phenomenon oven when the driver 
does not make the acceleration manipulation (i.e., step- 
ping-on manipulation of an accel pedal). This is because 
the drive power of an engine being in the idling state is 
transmitted to the drive wheels through a torque con- 
verter of the AT (automatic transmission). 
[0005] For the reason mentioned above, even during 


the creep motion or a low speed traveling, the drive 
wheels (i.e., the front wheels in a vehicle of the front- 
drive basis) tend to slip on an excessively small V road 
(i.e., a slippery road such as an "eisbahn" or the like). 

5 For example, where the vehicle stands stopped on an 
ascending road with the "eisbahn", the front wheels hap- 
pen to slip at the moment that the driver shifts to the D- 
range. In this case, the problem can be solved by in- 
creasing the drive power distributed to the driven wheels 

10 (e.g., rear wheels) in dependence on the rotational 
speed difference between the front and rear wheels. 
[0006] However, It is often the case that the drive pow- 
er distributed to the driven wheels is to be restrained in 
order to avoid a tight-comer braking phenomenon which 

15 occurs at the time of, for instance, garaging or the like 
(namely, the phenomenon In which a braking torque is 
generated against the front wheels due to the difference 
In the average turning radius between the front and rear 
wheels in the case for example that much more drive 

20 power is distributed to the rear wheels during a turning 
motion). This does not allow to unconditionally increase 
the drive powerto be distributed to the rear wheels (driv- 
en wheels) in dependence on the rotational speed dif- 
ference between the front and rear wheels. Accordingly, 

25 it has been difficult to restrain the front wheels (drive 
wheels) from slipping at the time of starting on the ex- 
cessively small V road. 

[0007] Further the known four-wheel drive vehicle in- 
volves another problem concerning a quick starting 

30 which can be done with the engine being kept rotated 
at a high speed. If the front wheels are brought into con- 
nection with the rear wheels at such a quick starting, it 
often occurs that the passengers suffer a shock (torque 
shock). Such a torque shock has been verified to be 

35 large when the vehicle is started quickly with the drive 
power output from the engine being maintained at a h igh 
power. 

[0008] In addition, another drive power distribution 
control device for a four-wheel vehicle of a similar type 

40 has also been known as described in Japanese unex- 
amined, published patent application No. 2002-206566. 
In this known drive power distribution control device, 
when the drive mode is set in AUTO mode, the opening 
degree of a throttle valve, a vehicle speed and a rota- 

45 tional difference between the rotational speeds of front 
and rear wheels are extracted from two torque maps 
based on signals from sensors and are made reference 
thereto to extract a first transmission torque depending 
on the throttle opening degree, a second transmission 

50 torque depending on the front-rear rotational difference 
and first and second gains depending on the vehicle 
speed. A command transmission torque to be distribut- 
ed to the rear wheels is calculated by summing up the 
product of the first transmission torque and the first gain 

55 and the product of the second transmission torque and 
the second gain. And, in the know device, the torque 
maps are designed so thatf irst and second transmission 
torques are increased with the respective increases in 
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the throttle opening degree and the front-rear rotational 
difference, while the first and second gains are de- 
creased with increase in the vehicle speed; i.e., the first 
and second gains are set larger when the vehicle speed 
is low. 

[0009] However, the prior art of the Japanese patent 
application does not describe how to control the com- 
mand transmission torque to be distributed to the rear 
wheels at the starting of the vehicle in connection with 
the state or manner in which the vehicle is beginning to 
start, such as for example the state of a road surface on 
which the vehicle is beginning to start or the manner of 
beginning to start the vehicle. 

SUMMARY OF THE INVENTION 

[001 0] Accordingly, it is a primary object of the present 
invention to provide an improved torque distribution con- 
trol device for a four-wheel drive vehicle capable of re- 
straining drive wheels from skidding or slipping at the 
starting of the vehicle. 

[0011] Another object of the present invention is to 
provide a four-wheel drive vehicle having an improved 
torque distribution control device capable of preventing 
or restraining a torque shock from being generated even 
when the vehicle is brought into the four-wheel drive 
state with an engine being in the state of a high power 
output. 

[0012] Still another object of the present invention is 
to provide an improved torque distribution control device 
for a four-wheel drive vehicle capable of controlling the 
drive torque to be transmitted to rear wheels so that the 
slips or skids of both front and rear wheels can be re- 
strained to the least. 

[0013] Briefly, according to a general inventive con- 
cept of the present invention, there is provided a drive 
power distribution control method and device for a four- 
wheel drive vehicle for variably controlling the amount 
of drive power distributed to a driven wheel axle by var- 
iably controlling the power transmission rate of a drive 
power transmission device based on signals from vari- 
ous sensing means including at least vehicle speed 
sensing means for detecting the vehicle speed. The 
drive power distribution control method and device com- 
prises a traveling state judgment step and means for 
judging whether the vehicle is beginning to start or not 
and also judging the state or manner in which the vehicle 
is beginning to start. The drive power distribution control 
method and device further comprises a transmission 
torque control step and means operable when it is 
judged based on a vehicle speed signal that the vehicle 
is beginning to start, for controlling the drive torque 
transmitted to the driven wheels in dependence on the 
state or manner judged by the traveling state judgment 
step and means. 

[0014] With this configuration, the starting of the ve- 
hicle is discriminated from an ordinary four-wheel drive 
traveling state, and when it Is detected that the vehicle 


is beginning to start, the drive torque transmitted to the 
driven wheels is controlled in dependence on the state 
or manner in which the vehicle is beginning to start. For 
example, the vehicle may be beginning to start in a state 
5 such as a slippery road whose surface friction coefficient 
is excessively small, or In a manner such as a quick 
starting. Therefore, when the vehicle starts, a drive 
torque appropriate to the state or manner in which the 
vehicle Is beginning to start is transmitted to the drive 
wheels, so that slips or skids of either of the front and 
rear wheels can be restrained to the least. 
[0015] In one specific aspect of the present invention, 
there is provided a drive power distribution control meth- 
od and device for a four-wheel drive vehicle for variably 
controlling the amount of a drive power distributed to a 
driven wheel axle by variably controlling the power 
transmission rate of a drive power transmission device 
based on a vehicle speed obtained from a vehicle speed 
sensing step and means and an acceleration manipula- 
tion amount obtained from an acceleration manipulation 
amount detection step and means. The control method 
and device comprises a traveling state judgment step 
and means forjudging whether the vehicle is beginning 
to start or not, and a control step and means for control- 
ling the power transmission rate of the drive power 
transmission device to make the amount of the drive 
power distributed to the driven wheel axle larger than 
an ordinary value for an ordinary four-wheel drive 
traveling when it is judged by the traveling state judg- 
ment step and means that the vehicle is beginning to 
start. 

[0016] With this configuration, the drive power trans- 
mission rate of the drive power transmission device is 
variably controlled based on the vehicle speed obtained 
from the vehicle speed detection step and means and 
the acceleration manipulation amount obtained from the 
acceleration manipulation step and means and thus, the 
drive power to be distributed to the driven wheels is con- 
trolled variably. When the traveling state of the vehicle 
is at the starting, thetransmission rate of the drive power 
transmission device is controlled In such a manner that 
much more drive power than an ordinary value is trans- 
mitted to the driven wheels. As a result, the drive wheels 
can be restrained from slipping at the time of starting. 
[001 7] In another specific aspect of the present inven- 
tion, there Is provided a four-wheel drive vehicle having 
a primary drive wheel axle connected to drive wheels; 
a secondary drive wheel axle connected to driven 
wheels; drive means for driving said primary drive wheel 
axle; and a drive power transmission device for trans- 
mitting a drive power from said drive means to said sec- 
ondary drive wheel axle. There is further provided a con- 
trol method for the four-wheel drive vehicle of the afore- 
mentioned construction. The control method and the 
four-wheel drive vehicle further comprise a detection 
step and means for detecting whether a quick starting 
has taken place or not of said vehicle, based on a pre- 
determined high drive power output from the drive 
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means; and a control step and means for reducing the 
drive power transmitted from the drive power transmis- 
sion device to the secondary drive wheel axle when the 
quick stating has taken place, by a predetermined 
amount than that which the drive power transmission 5 
device transmits to said secondary drive wheel axle 
when the vehicle is in an ordinary four-wheel drive 
traveling. 

[0018] With this configuration, when the quick stating 
has taken place with the drive means outputting the pre- 
determined high drive power output, the drive power 
transmitted from the drive power transmission device to 
the secondary drive wheel axle is reduced by the pre- 
determined amount than an ordinary drive power given 
to the secondary drive wheel axle in the ordinary four- 
wheel drive traveling. Thus, the toque shock which 
would otherwise occur when the quick starting of the ve- 
hicle is performed can be prevented from being gener- 
ated or restrained to the least. 

[0019] In a further specific aspect of the present In- 
vention, there is provided a control method and device 
for a drive power transmission device of a vehicle of the 
type wherein one drive axle and the other drive axle are 
connected by the drive power transmission device in de- 
pendence upon awheel speed difference between drive 
wheels driven by the drive power of said one drive axle 
and driven wheels driven by the drive power of said oth- 
er drive axle so as to transmit the drive power from said 
one drive axle to said other drive axle. The control meth- 
od and device comprises a vehicle starting detection 
step and means for detecting whether the vehicle is be- 
ginning to start or not; a slip amount calculation step and 
means for calculating a slip amount based on the wheel 
speed difference between the drive wheels rotated by 
the drive power of said one drive axle and the driven 
wheels rotated by the drive power of said other drive 
axle; and a connection degree determination step and 
means responsive to the slip amount calculated by the 
slip amount calculation step and means for determining 
the connection degree by the drive power transmission 
device of said one drive axle with said other drive axle 
when it is detected that the vehicle is beginning to start. 
[0020] With this configuration, when it is detected that 
the vehicle is beginning to start, a slip amount is detect- 
ed from a wheel speed difference between the drive 
wheels rotated by one drive axle and the drive wheels 
rotated by the other drive axle, and the connection de- 
gree of the drive power transmission device of said one 
drive axle with said other drive axle is controlled in de- 
pendence on the detected slip amount. Thus, the slip of 
the vehicle can be restrained in adaptation for the state 
of a road surface on which the vehicle Is beginning to 
start, so that the performance of the vehicle at the time 
of starting can be enhanced where the road is of a small 
V" (friction coefficient) surface or bumpy. In addition, 
where the vehicle travels with little slip on a large V' 
surface road, the torque distribution to the driven wheel 
can be made small, so that the fuel consumption per- 
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formed can be improved. 

BRIEF DESCRIPTION OF THE ACCOMPANYING 
DRAWINGS ~~ 

[0021] The foregoing and other objects and many of 
the attendant advantages of the present invention may 
readily be appreciated as the same becomes better un- 
derstood by reference to the preferred embodiments of 
the present invention when considered in connection 
with the accompanying drawings, wherein like reference 
numerals designate the same or corresponding parts 
throughout several views, and in which: 

Figure 1 is a schematic diagram showing the gen- 
eral construction of a four-wheel drive vehicle ac- 
cording to the first embodiment of the present in- 
vention; 

Figure 2 is a block diagram of an electric hardwired 
construction of a drive power distribution control de- 
vice in the first embodiment; 
Figure 3 is a function block diagram representing 
the functions performed by a microcomputer in the 
first embodiment; 

Figure 4 is a flow chart indicative of a judgment 
processing for the necessity of torque compensa- 
tion in the first embodiment; 
Figure 5 is a schematic diagram showing the gen- 
eral construction of a four-wheel drive vehicle ac- 
cording to the second embodiment of the present 
invention; 

Figure 6 is a sectional view of a drive power trans- 
mission device used in the second embodiment; 
Figure 7 is a block diagram showing the general 
construction of a drive power distribution control de- 
vice in the second embodiment; 
Figures 8(a) : 8(b) and 8(c) are graphs showing base 
data used in determining the drive torque for a four- 
wheel drive vehicle; 

Figure 9 is a control program executed in determin- 
ing the drive torque for the four-wheel drive vehicle; 
Figure 1 0 is a schematic diagram showing the gen- 
eral construction of a four-wheel drive vehicle ac- 
cording to the third embodiment of the present in- 
vention; 

Figure 11 is a fragmentary sectional view of a drive 
power transmission device used in the third embod- 
iment; 

Figure 12 is a function block diagram representing 
the functions performed by a microcomputer of a 
drive power transmission control device in the third 
embodiment; 

Figure 13 is a flow chart of a pre-torque setting 
processing executed by the microcomputer of the 
drive power transmission control device in the third 
embodiment; 

Figure 14 is a flow chart of a maximum slip amount 
renewal processing executed by the microcomputer 
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of the drive power transmission control device in the 
third embodiment; 

Figure 15 is a flow chart of a slip level setting 
processing executed by the microcomputer of the 
drive power transmission control device in the third 
embodiment; 

Figure 16 is an explanatory view representing one 
example of a pre-torque map which is modified at a 
pre-torque map modification step S319 shown in 
Figure 13; and 

Figure 17 is a function block diagram representing 
the functions performed by a microcomputer of a 
drive power transmission control device in a modi- 
fied form of the third embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(First Embodiment) 

[0022] In Figure 1 , a four-wheel drive vehicle 1 1 is pro- 
vided with an internal combustion engine 12 and a 
transaxle 13. Thetransaxle 13 integrally incorporates a 
transmission, a transfer and so forth therein. The 
transaxle 13 has connected thereto a pair of front axles 
14,14 and a proper shaft 1 5. The front axles 14,14 are 
connected respectively to front wheels 16,16. The prop- 
er shaft 15 is connected to a drive power transmission/ 
distribution device (torque coupling) 17, to which a rear 
differential 18 is connected through a drive pinion shaft 
(not shown). The rear differential 1 8 is connected to rear 
wheels 20, 20 through a pair of rear axles 19, 19. 
[0023] The drive power of the engine 1 2 is transmitted 
to the front wheels 16,16 through the transaxle 1 3 and 
the both of the front axles 14, 14. When the drive power 
transmission device 17 connects the proper shaft 15 
with the drive pinion for torque transmission, the drive 
power of the engine 1 2 is transmitted to both of the rear 
wheels 20, 20 through the proper shaft 15, the drive pin- 
ion, the rear differential 1 8 and both of the rear axles 1 9, 
1 9. In the exemplified embodiment, the front wheels 1 6 
constitute primary or drive wheels, while the rear wheels 
20 constitute secondary or driven wheels. 
[0024] The drive power transmission device 1 7 incor- 
porates an electromagnetic clutch mechanism 21 of a 
wet-type multiple disc type, which includes a plurality of 
clutch plates (not shown) which are brought into mutual 
friction engagement or mutually spaced relation. When 
a predetermined electric current is supplied to an elec- 
tromagnetic coil 22 (see Figure 2) incorporated into the 
electromagnetic clutch mechanism 21 , the clutch plates 
are brought into friction engagement with one another, 
so that torque transmission is effected between the front 
wheels 16, 16 and the rear wheels 20, 20. Conversely, 
when the supply of the electric current to the electro- 
magnetic clutch mechanism 21 is discontinued, the 
clutch plates are spaced apart from one another, so that 
the torque transmission is discontinued or reduced to 


8 

the minimum between the front wheels 16, 16 and the 
rear wheels 20, 20. 

[0025] The friction engagement force of each clutch 
plate is increased or decreased in proportion to the 
s amount of the current (the strength of the current) sup- 
plied to the electromagnetic coil 22. By controlling the 
current supply to the electromagnetic coil 22, the trans- 
mission torque between the front wheels 16,16 and the 
rear wheels 20, 20, that is to say, the binding force be- 
tween the front wheels 16, 16 and the rear wheels 20, 
20 is adjustable as required. When the friction engage- 
ment force of each clutch plate is augmented, the trans- 
mission torque between the front wheels 16,16 and the 
rear wheels 20, 20 is augmented. Conversely, when the 
friction engagement force of each clutch plate is weak- 
ened, the transmission torque between the front wheels 
16, is and the rear wheels 20, 20 is decreased. Further 
detailed construction and function of the drive power 
transmission device 1 7 will be discussed with reference 
to Figure 6 in connection with the second embodiment, 
and therefore, the description concerning Figure 6 is In- 
corporated into this first embodiment to constitute a par 
thereof. 

[0026] The current supply to the electromagnetic coil 
22, the discontinuation thereof and the adjustment of 
current supply thereto can be controlled by an electronic 
control unit (hereinafter referred to as a "drive power dis- 
tribution control device 31 (4WD-ECU)") for drive power 
distribution. More specifically, the drive power distribu- 
tion control device 31 selects either a four-wheel drive 
state or a two-wheel drive state by controlling the friction 
engagement force of each clutch plate and at the same 
time, controls the drive power distribution ratio or rate 
(i.e., drive powertransmission rate or torque distribution 
rate) between the front wheels 16, is and the rear wheels 
20, 20. 

[0027] The electric construction of the drive power 
distribution control device 31 for the four-wheel drive ve- 
hicle 1 1 will be described hereafter with reference to Fig- 
ure 2. As shown In Figure 2, the drive power distribution 
control device 31 for the four-wheel drive vehicle 11 is 
composed primarily of a microcomputer 32 incorporat- 
ing a CPU (central processing unit), a RAM (random ac- 
cess memory), a ROM (read-only memory) 32a, input/ 
output interfaces (not shown) and the like. The ROM 32a 
constitutes a memory means and stores therein a vari- 
ous kinds of control programs executed by the micro- 
computer 32, a various kinds of data, a various kinds of 
characteristic maps and so on. The various kinds of 
characteristic maps are obtained in advance based on 
experimental data relying on car models as well as 
through well-known theoretical calculations and the like. 
The RAM is those data area where the various kinds of 
control programs written in the ROM 32a are deployed 
so that the CPU of the drive power distribution control 
device 31 can execute various operation processing 
such as, for example, an operation processing for turn- 
ing on electricity to the electromagnetic coil 22. 
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[0028] The microcomputer 32 is connected through 
respective interfaces (not shown) to wheel speed sen- 
sors 33, a throttle opening degree sensor 34 constituting 
acceleration amount manipulation detection means, a 
relay 35, a current detection circuit 36, a drive circuit 37 
and an engine control device (not shown). The vehicle 
speed sensors 33 are provided for the left and right front 
wheels 16,16 and the left and right rear wheels 20, 20. 
The wheel speed sensors 33 of four in total respectively 
detect the rotational speeds (i.e., the number of. wheel 
rotations per unit time period) of the front wheels 16,16 
and the rear wheels 20, 20 and send the detected wheel 
speeds to the microcomputer 32. 
[0029] The throttle opening degree sensor 34 is con- 
nected to a throttle valve (not shown) of the engine 12 
and detects the opening degree of the throttle valve (i. 
e. f throttle opening degree 6) as the stepping-on manip- 
ulation amount of an accel pedal (not shown) by the driv- 
er. The throttle opening degree 6 is regarded as an ac- 
celeration manipulation amount which represents the 
driver's will to want to advance or retract the vehicle, and 
it is presumed that the larger the acceleration manipu- 
lation amount is, the stronger the driver wishes to accel- 
erate the vehicle. The throttle opening degree sensor 
34 constitutes detection means for the acceleration ma- 
nipulation amount and sends the detection result (a 
stepping-on manipulation amount signal) to the micro- 
computer 32. 

[0030] Further, the four-wheel drive vehicle is provid- 
ed with a battery 38, whose both terminals are connect- 
ed to a series circuit including a fuse 39 ; an ignition 
switch 40, the relay 35, a shunt resistance 41 , the elec- 
tromagnetic coil 22 and an field effect transistor 42 
(hereafter as "FET 42" ). The shunt resistance 41 is con- 
nected at both ends thereof to the input side of a current 
detection circuit 36. This circuit 36 detects a current 
flowing through the shunt resistance 41 based on a volt- 
age across the shunt resistance 41 and sends the de- 
tected current to the microcomputer 32. The microcom- 
puter 32 calculates an electric current to excite the elec- 
tromagnetic coil 22 based on the current forwarded from 
the current detection circuit 36. The electromagnetic coil 
22 is connected at its both ends to a flywheel diode 43. 
The flywheel diode 43 is to discharge a counter electro- 
motive force which is generated when the FET 42 goes 
off. A gate G of the FET 42 is connected to the output 
side of the drive circuit 37, and a connection point of a 
source S of the FET 42 with a minus terminal of the bat- 
tery 38 is grounded. 

[0031] When the ignition switch 40 Is turned on (close 
operation), the electric power is supplied from the bat- 
tery 38 to the microcomputer 32 through a power dis- 
tributor (not shown). Then, the microcomputer 32 exe- 
cutes various control programs such as a drive power 
distribution program in response to various information 
(detection signals) obtained from the wheel speed sen- 
sors 33 and the throttle opening degree sensor 34 there- 
by to calculate the amount of a current (command cur- 


10 

rent value) supplied to the electromagnetic coil 22. 
Then, the microcomputer 32 outputs the calculated 
command current value to the drive circuit 37. The drive 
circuit 37 performs the ON/OFF control (i.e., PWM 

5 (Pulse Width Modulation) control) of the FET 42 so that 
the electromagnetic coil 22 is supplied with a current de- 
pending on the command current value. Namely, the mi- 
crocomputer 32 variably controls the distribution of drive 
power to the front wheels and the rear wheels by con- 

10 trolling the amount of the current supplied to the elec- 
tromagnetic coil 22. When the ignition switch 40 is 
turned off (open operation), the power supply to the mi- 
crocomputer 32 is discontinued. 
[0032] Next, various functions which the microcom- 

15 puter 32 executes in accordance with various control 
programs stored in the ROM 32a will be described with 
reference to a function block diagram shown in Figure 
3. First, the drive power distribution control by the mi- 
crocomputer 32 is executed as follows: 

20 [0033] Namely, the wheels speeds Vfl, Vfr, Vrl, Vrr of 
the left and right front wheels 16,16 and the left and 
right rear wheels 20, 20 detected by the vehicle wheel 
sensors 33 are sent to a rotational difference operation 
section (hereafter as "AN operation section 50" ) and to 

25 a vehicle speed operation section 52. The AN operation 
"... section 50 calculates an average front wheel rotation 
Nfn (= (Vf 1+Vfr) / 2) based on the wheel speeds Vfl, Vfr 
of the left and right front wheels 16, 16 and also calcu- 
lates an average rear wheel rotation Nm (= (Vr1 +Vrr) / 

30 2) based on the wheel speeds Vrl, Vrr of the left and right 
rear wheels 20, 20. Further, The AN operation section 
50 calculates a rotational difference AN (= INfn+Nrnl) 
from the average front wheel rotation Nfn and the aver- 
age rear wheel rotation Nrn. The AN operation section 

35 50 sends the calculated rotational difference AN to a ro- 
tational difference torque operation section (hereafter 
as "AN torque operation section 54") and a torque com- 
pensation section 55. The AN operation section 50 con- 
stitutes rotational difference detection means. 

40 [0034] The vehicle speed operation section 52 calcu- 
lates a vehicle speed V based on the taken-in wheel 
speeds Vfl, Vfr, Vrl, Vrr and sends the calculated vehicle 
speed V to a pre-torque operation section 53, the AN 
torque operation section 54 and the torque cornpensa- 

45 tion section 55. The vehicle speed operation section 52 
constitutes the vehicle speed detection means. The pre- 
torque operation section 53 has input thereto a throttle 
opening degree 6 from the throttle opening degree sen- 
sor 34 in addition to the vehicle speed V from the vehicle 

50 speed operation section 52 and calculates a transmis- 
sion torque (hereafter as "pre-torque T1 ") depending on 
the throttle opening degree e and the vehicle speed V 
by reference to a pre-torque characteristic map (not 
shown). The pre-torque characteristic map defines a 

55 variation of the pre-torque T1 with increase in the throttle 
opening degree 9 for each of predetermined vehicle 
speed ranges and is stored in the ROM 32a In advance. 
The pre-torque operation section 53 sends the calculat- 
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ed pre-torque T1 to an adder 56. 
[0035] The AN torque operation section 54 has input 
thereto the throttle opening degree 6 detected by the 
throttle opening degree sensor 34, in addition to the ve- 
hicle speed V from the vehicle speed operation section 5 
52 and the rotational difference AN from the AN opera- 
tion section 50. The AN torque operation section 54 ob- 
tains a transmission torque (hereafter as "AN torque 
T2") depending on the vehicle speed V and the AN 
torque by reference to a rotational difference torque 10 
characteristic map (hereafter as "AN torque character- 
istic map"), not shown. The AN torque characteristic 
map defines a variation of the AN torque T2 with in- 
crease in the rotational difference AN between the front 
and rear wheels and is stored in the ROM 32a in ad- 1$ 
vance. The AN torque operation section 54 sends the 
calculated AN torque to the adder 56. 
[0036] The torque compensation section 55 has Input 
thereto the throttle opening degree 6 detected by the 
throttle opening degree sensor 34, in addition to the ve- 20 
hide speed V from the vehicle speed operation section 
52 and the rotational difference AN from the AN opera- 
tion section 50. The torque compensation section 55 
constitutes torque compensation means and calculates 
a transmission torque (hereafter as "compensation AN 
torque T3" ) depending on the throttle opening degree 
9 and the rotational difference AN and further, judges 
whether or not, the compensation AN torque T3 is to be 
added to the pre-torque T1 . based on the throttle open- 
ing degree G and the vehicle speed V. 
[0037] More specifically, the torque compensation 
section 55 includes a compensation rotational differ- 
ence torque operation section (hereafter as "compen- 
sation AN torque operation section 57") and a torque 
compensation necessity judgment section 58, The com- 
pensation AN torque operation section 57 has input 
thereto the throttle opening degree 6 and the rotational 
difference AN, and the torque compensation necessity 
judgment section 58 has input thereto the throttle open- 
ing degree e and the vehicle speed V. 
[0038] The compensation AN torque operation sec- 
tion 57 obtains the compensation AN torque T3 by ref- 
erence to a compensation rotational difference torque 
characteristic map (hereafter as "compensation AN 
torque characteristic map"), not shown, The compensa- 
tion AN torque characteristic map is defined so that the 
throttle opening degree 6 is further added as a param- 
eter to that which defines a variation of the compensa- 
tion AN torque T3 with increase in the rotational differ- 
ence AN between the front and rear wheels for each of 
the predetermined vehicle speed ranges. Thus, the 
compensation AN torque characteristic map is set so 
that the larger the rotational difference AN becomes , the 
larger the compensation AN torque becomes. 
[0039] The torque compensation necessity judgment 
section 58 judges the necessity for torque compensa- 
tion, that is, whether or not the compensation AN torque 
T3 is to be added to the pre-torque T1 , based on the 


throttle opening degree G and the vehicle speed V. In 
this particular embodiment, when the traveling state of 
the four-wheel vehicle 11 is presumed to be at the time 
of starting or to be beginning to start, the torque com- 
pensation necessity judgment section 58 judges that the 
torque compensation is necessary and thus : sends the 
compensation AN torque T3 to the adder 56. On the con- 
trary, when the four-wheel vehicle 11 is presumed not 
to be beginning to start, the torque compensation ne- 
cessity judgment section 58 judges that the torque com- 
pensation is unnecessary and thus, does not send the 
compensation AN torque T3 to the adder 56. 
[0040] The torque compensation necessity judgment 
processing by the torque compensation section 55 (to 
be more exact, by the torque compensation necessity 
judgment section 58) will be described later in detail. It 
is to be noted that the compensation AN torque opera- 
tion section 57 constitutes compensation amount oper- 
ation means, and that the torque compensation neces- 
sity judgment section 58 constitutes first comparison 
means, second comparison means and traveling state 
judgment means. 

[0041] The adder 56 calculates a command torque T 
(T=T1 +T2) by adding the AN torque T2 sent from the 
AN torque operation section 54 to the pre-torque T1 sent 
from the pre-torque operation section 53. Further, when 
the compensation AN torque T3 is sent from the torque 
compensation section 55 : the adder 56 calculates the 
command torque T (T=T1 +T2+T3) by adding the AN 
torque T2 and the compensation AN torque T3 to the 
pre-torque T1 . The adder 56 then sends the calculated 
command torqueTtoacommand current operation sec- 
tion 59. 

[0042] The command current operation section 59 ex- 
tracts a current (hereafter as "base command current 
1 0") corresponding to the command torque T sent from 
the adder 56 by reference to a base command current 
characteristic map (not shown). The base command 
current characteristic map is to convert the command 
torque T into a corresponding base command current 
10 and defines a variation in the current to be supplied 
to the electromagnetic coll 22 with a variation in the com- 
mand torque T, Then, the command current operation 
section 59 compensates the base command current 1 0 
by a compensation coefficient corresponding to the ve- 
hicle speed V and sends the compensated base com- 
mand current 1 0 to a subtractor 60. 
[0043] The subtractor 60 has Input thereto a coil cur- 
rent Ic of the electromagnetic coil 22 detected by the 
current detection circuit 36 in addition to the base com- 
mand current 10 from the command current operation 
section 59. The subtractor 60 sends a differential current 
Al (Al= HO-lcl) between the base command current 10 
and the coil current Icto a PI (Proportional Integral) con- 
trol section 61 . The PI control section 61 calculates a PI 
control value based on the differential current Al sent 
frorri the subtractor 60 and sends the PI control value to 
a PWM (Pulse Width Modulation) ouput converter 62. 
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[0044] The PWM output converter 62 executes a 
PWM operation depending on the PI control value sent 
thereto and sends the result of the PWM operation to 
the drive circuit 37. The drive circuit 37 supplies the elec- 
tromagnetic coil 22 of the electromagnetic clutch mech- 
anism 21 with an appropriate current depending on the 
result of the PWM operation sent from the PWM output 
converter 62. Thus, the clutch plates of the electromag- 
netic clutch mechanism 21 are brought into friction en- 
gagements with an engagement force depending on the 
current supplied thereto. 

[0045] In this manner, the microcomputer 32 optimally 
controls the transmission torque between the front 
wheels 1 6 and the rear wheels 20 by variably controlling 
the base command current 10 in dependence upon the 
rotational difference AN, the vehicle speed V and the 
throttle opening degree 6, that is, in dependence upon 
the traveling state of the four-wheel drive vehicle 11 . 
[0046] Next, a torque compensation necessity judg- 
ment processing in the torque compensation section 55 
of the microcomputer 32 will be described in detail in 
accordance with a flow chart shown in Figure 4. This 
flow chart is executed in accordance with a torque com- 
pensation control program which Is stored in the ROM 
32 beforehand. The torque compensation control pro- 
gram is repetitively executed at a predetermined control 
interval (sampling interval). In this particular embodi- 
ment, each step is abbreviated as "S". 
[0047] As shown in Figure 4, in the torque compen- 
sation necessity judgment processing, the torque com- 
pensation necessity judgment section 58 of the torque 
compensation section 55 reads the vehicle speed V cal- 
culated by the vehicle speed operation section 52 and 
the throttle opening degree 6 detected by the throttle 
opening degree sensor 34 (S101) and proceeds to a 
processing at S102. 

[0048] At S102, the torque compensation necessity 
judgment section 58 judges whether or not, the read ve- 
hicle speed V is smaller than a predetermined vehicle 
speed judgment threshold value V0. When the vehicle 
speed V is judged to be larger than the threshold value 
V0 (No at S102), the torque compensation necessity 
judgment section 58 presumes that the four-wheel drive 
vehicle 11 is not at the starting, namely not to be begin- 
ning to start, and thus judges the torque compensation 
to be unnecessary thereby to terminate the processing. 
As a result, the command torque T is determined to be 
an ordinary value (T=T1+T2) which is made by adding 
the AN torque T2 calculated by the AN torque operation 
section 54 to the pre-torque T1 calculated by the pre- 
torque operation section 53, whereby an ordinary torque 
distribution control for an ordinary four-wheel drive 
traveling is carried out without executing the torque 
compensation. 

[0049] When the vehicle speed V is judged to be 
smaller than the threshold value V0 (Yes at S1 02), the 
torque compensation necessity judgment section 58 ad- 
vances its processing to S103. At S1 03, the torque com- 


pensation necessity judgment section 58 judges wheth- 
er or not, the read throttle opening degree 6 is smaller 
than a throttle opening degree judgment threshold value 
60 (i.e., acceleration manipulation amount judgment 
5 threshold value). When throttle opening degree G is 
judged to be larger than the threshold value 60 (No at 
S1 03), the judgment section 58 presumes that the four- 
wheel drive vehicle 11 is not at the starting, and thus 
judges the torque compensation to be unnecessary 
10 thereby to terminate the processing. As a result, he com- 
mand torque T is determined to be the ordinary value 
(T=T1+T2) which is made by adding the AN torque T2 
calculated by the AN torque operation section 54 to the 
pre-torque T1 calculated by the pre-torque operation 
is section 53, whereby the ordinary torque distribution con- 
trol for the ordinary four-wheel drive traveling is carried 
out without executing the torque compensation. 
[0050] However, when the throttle opening degree 6 
is judged to be smaller than the threshold value 60 there- 
to of (Yes at S103), the judgment section 58 judges that 
the four-wheel drive vehicle 11 is at the starting or is be- 
ginning to start and hence that the torque compensation 
is necessary. In general, the vehicle speed V and the 
throttle opening degree 6 respectively take very small 
25 values during a creep traveling or during a very slow 
speed manipulation at the starting of the four-wheel 
drive vehicle 1 1 , and therefore, it is possible to presume 
whether or not, the four-wheel drive vehicle 11 is at start- 
ing, based on the vehicle speed V and the throttle open- 
30 ing degree 6. Subsequently, torque compensation ne- 
cessity judgment section 58 chooses to use the com- 
pensation AN torque characteristic map and sends the 
adder 56 the compensation AN torque T3. 
[0051] Consequently, the command torque T Is set to 
35 a value (T=T1 +T2+T3) which is made by adding the AN 
torque T2 and the compensation AN torque T3 to the 
pre-torque T1 . Thus, the microcomputer 32 controls the 
friction engagement force of the electromagnetic clutch 
mechanism 21 constituting the drive power transmis- 
40 sion device 17 so that the command torque so set is 
transmitted to the rear wheels 20. The larger the rota- 
tional difference AN becomes, the larger the compensa- 
tion AN torque T3 becomes, and therefore, the torque 
compensation, that is, the torque distribution amount 
45 (drive power distribution amount) to the rear wheels 20 
is increased in dependence on the slip or skid amount. 
[0052] In this manner, If the rotational difference AN 
is generated with the vehicle speed V and the throttle 
opening degree 6 being respectively sufficiently small (i. 
so e ., V< V0 and 8<60) t it is the case that the front wheels 
16 is slipping at the starting of the four-wheel drive ve- 
hicle 1 1 , and therefore, the compensation AN torque T3 
depending on the rotational difference AN is added to 
the pre-torque T1 . Accordingly, the front wheels (drive 
55 wheels) 16 are restrained from, or relieved of, slipping 
at the starting (e.g., during a creep traveling or a slow 
speed traveling) on an excessively small "u° road (> e -. 
on a road whose friction coefficient of the road surface 
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is excessively small) such as, for example, an "eisbahn" 
or the like, For instance, during a creep traveling or a 
slow speed traveling, the throttle opening degree 9 and 
the engine torque transmitted to the front wheels 1 6 re- 
main respectively vary small values. However, with the 
front wheels 1 6 being on the excessively small V road, 
even such a small torque at the starting could cause the 
front wheels 16 to slip. In the instant embodiment, the 
torque distribution amount to the rear wheels 20 is in- 
creased taking into account the situation that the vehicle 
travels on such an excessively small "u." roa d which 
causes even a small torque to slip the front wheels 16, 
Therefore, even if not only the front wheels 16 but also 
the rear wheels 20 are on the excessively small V road . 
the torque transmitted to the front wheels 16 is made 
small by the torque which is transmitted to the rear 
wheels 20, whereby the front wheels 16 can be re- 
strained from slipping. 

[0053] Accordingly, the following effects or advantag- 
es (1 ) through (5) can be achieved in the foregoing first 
embodiment. 

(1) When it is judged that the traveling state of the 
four-wheel drive vehicle 11 is at the starting, the 
drive power transmission rate of the drive power 
transmission device 17 is controlled so that the 
drive power distributed to the rear wheels 20 is 
made larger than the ordinary value for the ordinary 
four-wheel drive traveling. In other words, at the 
starting of the vehicle, not only the AN torque T2 but 
also the compensation AN torque T3 is added to the 
p re-torque T1 . Therefore, the front wheels can be 
restrained from skidding (or slipping) at the starting 
of the vehicle, Further, it can be avoided that a tight- 
corner phenomenon is produced by distributing too 
large drive power to the driven wheels at the eariy 
stage of the vehicle starting, and the performance 
In starting with a small acceleration (i.e., In a small 
acceleration manipulation) can be improved. 

(2) It Is judged that the traveling state of the four- 
wheel drive vehicle is at the starting when the vehi- 
cle speed V and the throttle opening degree G are 
both smaller than the vehicle speed judgment 
threshold value V0 and the throttle opening degree 
judgment threshold value 60 respectively. Thus, the 
judgment of whether the four-wheel drive vehicle is 
beginning to start or not can be made reliably. 

(3) The compensation AN torque T3 Is calculated 
based on the differential rotational speed AN. 
Namely, the compensation AN torque T3 is calcu- 
lated in dependence on the slip amount of the front 
wheels 16. Then, the compensation AN torque T3 
is added to the ordinary value (T1 +T2) when the ve- 
hicle is beginning to start. Accordingly, it can be 
avoided that the torque distribution to the rear 
wheels 20 falls in short or goes to excess, and this 
ensures the traveling stability of the four-wheel 
drive vehicle 11 at the starting. 


16 

(4) The compensation AN torque characteristic map 
used in obtaining the compensation AN torque T3 
based on the differential rotational speed AN is 
stored in the ROM 32a in advance. At the starting 

5 of the four-wheel drive vehicle 1 1 , the AN torque T3 
is obtained by making reference to the compensa- 
tion AN torque characteristic map based on the dif- 
ferential rotational speed AN. Thus, it can be real- 
ized to obtain the compensation AN torque T3 which 

to is appropriate to the differential rotational speed AN 
(i.e., the slip amount). 

(5) The compensation AN torque T3 Is added to the 
pre-torqueT1 only at the starting of the vehicle. This 
hardly affects the control for avoiding the tight-cor- 

15 ner braking phenomenon. 

(Modifications of the first embodiment) 

[0054] The four-wheel drive vehicle 11 to which the 
20 first embodiment is to be applied can be any of that with 
an automatic transmission (AT) or that with a manual 
transmission (MT). And, in the four-wheel drive vehicle 
1 1 of either type, it is possible to restrain the front wheels 
16 (drive wheels) from slipping at the starting of the ve- 
25 hide, provided that no creep traveling Is taken into con- 
sideration in the case of the vehicle with the manual 
transmission (MT). 

[0055] In the first embodiment, the present invention 
is embodied to the drive power distribution device 31 of 

30 the four-wheel drive vehicle 11 with the internal combus- 
tion engine 12 as a prime mover therefor. However, it 
may be embodied in a drive power distribution control 
device of a parallel-type hybrid vehicle with two prime 
movers composed of the internal combustion engine 1 2 

35 and an electric motor (not shown). This parallel-type is 
know as a system for driving wheels by the engine 12 
and the electric motor, wherein the motor is brought into 
operation to assist the engine 12 during the starting or 
acceleration motion burdening the engine 12 with a 

40 large load. In this modified form, the same effect as that 
in the first embodiment Is accomplished. 
[0056] Further, the present invention may be embod- 
ied in a drive power distribution control device of a se- 
ries-type hybrid vehicle with two prime movers com- 

45 posed of the internal combustion engine 1 2 and an elec- 
tric motor (not shown). This series-type is know as a sys- 
tem for driving the wheels only by the electric motor, 
wherein the drive power of the engine 12 is only used 
to drive an alternator (not shown) provided therein. The 

50 alternating current power made by the alternator is con- 
verted by an inverter (not shown) into the direct current 
power to be charged into a battery (not shown), and the 
direct current power from the battery is again converted 
into the alternating current power to be supplied to the 

55 electric motor. In the four-wheel vehicle of this series- 
type, the manipulation amount of the accel pedal is in- 
creased at the time of acceleration, which increases the 
power supply to the electric motor. That is to say, the 
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increase or decrease in the manipulation amount of the 
accel pedal makes the direct current power to the elec- 
tric motor increase or decrease. The manipulation 
amount of the accel pedal represents an acceleration 
manipulation amountthat the driver wants to accelerate. 
In this modified form, the same effect as that in the first 
embodiment is achieved. The throttle opening degree G 
(acceleration manipulation amount) in the aforemen- 
tioned first embodiment is to read as the manipulation 
amount of the accel pedal which adjusts the increase or 
decrease in the direct current power supplied to the 
electric motor. 

[0057] Although in the foregoing first embodiment, the 
present invention is embodied by the drive power distri- 
bution control device 31 of the four-wheel drive vehicle 
11 having the internal combustion engine 12 as the 
prime mover, It may be embodied in an electric vehicle 
whose wheels are driven by means of the drive power 
of an electric motor. In the electric vehicle of this type, 
the direct current power supplied to the motor is in- 
creased or decreased with increase or decrease in the 
manipulation amount of the accel pedal, for example. In 
this modified form, the same effect as that in the first 
embodiment is attained. The throttle opening degree 0 
(acceleration manipulation amount) in the aforemen- 
tioned first embodiment is to read as the manipulation 
amount of the accel pedal which adjusts the increase or 
decrease in the direct current power supplied to the 
electric motor. 

[0058] Further, although in the foregoing embodi- 
ment, the present is embodied by the drive power dis- 
tribution control device 31 of the four-wheel drive vehicle 
1 1 of the front wheel drive base, it may be embodied by 
the drive power distribution control device 31 of the four- 
wheel drive vehicle 11 of the rear wheel drive base. In 
this modified case, the drive power distribution control 
device 31 is designed to control the torque distribution 
amount to the front wheels. 

(Second Embodiment) 

[0059] Next, the second embodiment will be de- 
scribed with reference to Figures 5 to 9. Figure 5 sche- 
matically shows the general construction of a four-wheel 
drive vehicle having a drive power distribution control 
device according to the present invention. Figure 5 
shows many parts identical or corresponding in config- 
uration and function to those shown in Figure 1. More 
specifically, a primary drive mechanism 10a is com- 
posed of an internal combustion engine 12, a transaxle 
13, a pair of front axles 14 s 14 and front wheels 16, 16. 
These components have the same constructions and 
functions as those of the foregoing first embodiment 
designated by the same reference numerals in Figure 
1 , and therefore, the descriptions of those parts in the 
foregoing first embodiment are Incorporated into this 
second embodiment by reference to constitute a part 
thereof. In Figure 5, a front differential 13a is illustrated 


separated from a transaxle 13, while in Figure 1 , such 
a front differential is not illustrated as being incorporated 
within the transaxle 13. 

[0060] Similarly, a secondary drive mechanism 1 0b is 

5 composed of a rear differential 18, a pair of rear axles 
19,19 and rear wheels 20, 20. These components have 
the same constructions and functions as those of the 
foregoing first embodiment designated by the same ref- 
erence numerals in Figure 1 , and therefore, the descrip- 

10 tions of those parts of the foregoing first embodiment 
are Incorporated into this second embodiment by refer- 
ence to constitute a part thereof. 
[0061] Further, the four-wheel vehicle 11 further in- 
cludes a drive power transmission device 17, first and 

15 second proper shafts 1 5a, 1 5b and a drive power distri- 
bution control device 31 , which respectively correspond 
in function to those with the same or corresponding ref- 
erence numerals shown in Figure 1 . In this particular 
second embodiment, the first and second proper shafts 

20 15a, 15b are divided forward and rearward, and the 
drive power transmission device 17 is arranged there- 
between. 

[0062] As shown In Figure 6, the drive power trans- 
mission device 1 7 is constituted by a clutch mechanism 

25 of the electromagnetic pilot type and is interposed be- 
tween the first and second propeller shafts 15a, 15b. 
The drive power transmission device 17 is composed of 
an outer casing 120a, an inner shaft 120b : a main clutch 
mechanism 120c, a pilot clutch mechanism 120d and a 

30 cam mechanism 1 20e. The outer casing 1 20a compris- 
es a front housing 1 21a of a bottomed cylindrical shape 
and a rear housing 121b which is secured to a rear open- 
ing end portion of the front housing 121a through thread- 
ed engagement. The rear housing 1 21 b is provided with 

35 an outward flange portion 121b1, which closes a rear 
end opening portion of the front housing 120a. The first 
propeller shaft 1 5a is bodily connected with one or front 
end of the front housing 120a for drive power transmis- 
sion. 

40 [0063] The inner shaft 120b is rotatably carried at an 
innermost wall portion 121 a1 of the front housing 121a 
and at a cylindrical portion 121b2 of the rear housing 
1 21 b, passing through an inner bore of the rear housing 
1 21 b. The inner shaft 1 20b is prevented at the innermost 

45 wall portion 1 21 a1 of the front housing 121a from com- 
ing off and is f luid-tightly carried at the cylindrical portion 
121b2 of the rear housing 121b. The second propeller 
shaft 15b is in spline engagement with the inner shaft 
120b and is drivingly connected therewith for integral ro- 

50 tation. 

[0064] The main clutch mechanism 1 20c comprises a 
wet-type multiple disc clutch having a plurality of clutch 
plates, whose inner plates 122a are assembled en- 
gaged with a spline formed at the external surface of the 
55 inner shaft 1 20b, and whose outer plates 1 22b are as- 
sembled engaged with a spline formed at the internal 
surface of the front housing 121a. Each Inner plate 122a 
and each outer plate 122b are located in a alternate 
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fashion and are arranged to be movable axially of the 
inner shaft 120b. The pilot clutch mechanism 120d in- 
cludes a multiple clutch 1 23. an electromagnetic coil 1 24 
and an armature 125. The cam mechanism 120e in- 
cludes a first cam member 1 26 : a second cam member 5 
127 and a number of cam followers 128 (one only 
shown). 

[0065] The multiple clutch 123 is located at one side 
of the rear housing 121b and is assembled with each 
inner plate being engaged with a spline formed at the 
external surface of the first cam member 126 and with 
each outer plate being engaged with a spline formed at 
the Internal surface of the front housing 121a. Each in- 
ner plate and each outer plate are arranged in an alter- 
nate fashion and are assembled to be movable axially 
of the inner shaft 120b. The first cam member 126 Is 
assembled to be rotatable on the external surface of the 
inner shaft 1 20b, while the second cam member 1 27 is 
spline-engaged on the external surface of the inner shaft 
120b to be movable axially only. 

[0066] The electromagnetic coil 124 Is embeded into 
one end of a yoke 1 24a and is assembled rotatably bod- 
ily with the yoke 124a but relatively to the rear housing 
121b within an annular spacing formed at the other side 
of the rear housing 121b. The electromagnetic coil 124 
is in position to face the other end surface of the rear 
housing 121b. The armature 125 takes the form of an 
annular disc and is in position to face one side of the 
multiple clutch 1 23. The armature 1 25 is spline-engaged 
with the internal surface of the front housing 121a and 
is movable axially only of the inner shaft 120b. 
[0067] The first cam member 126 taking the form of 
an annular disc is assembled rotatably on the external 
surface of the inner shaft 120b and axially carried on the 
rear housing 121b through a thrust bearing. The second 
cam member 1 27 also taking the form of an annular disc 
is assembled on the external surface of the inner shaft 
120b and is engaged with a spline formed on the exter- 
nal surface thereof. The second cam member 1 27 is in 
position to face the other side of the main clutch 120c 
and is movable axially of the inner shaft 1 20b. The cam 
followers 128 are fit in respective cam grooves formed 
at the facing surfaces of the cam members 126, 127. 
[0068] The drive power transmission device 1 7 as 
constructed above is operated by applying an electric 
current to the electromagnetic coil 124 constituting the 
pilot clutch mechanism 120d. With the electric current 
being applied to the electromagnetic coil 124, a mag- 
netic force is generated to attract the armature 125. 
Thus, the armature 125 presses the multiple clutch 123 
to bring the same into friction engagement. The first cam 
member 126 is made bodily with the front housing 121a 
of the outer casing 120a, so that relative rotation occurs 
between the first cam member 1 26 and the second cam 
member 127. As a result, the cam followers 128 are op- 
erated to press the both cam members 1 26, 1 27 to move 
apart from each other. Thus, the second cam member 
127 is pressed against the main clutch 120c thereby to 


bring the same into friction engagement. 
[0069] Consequently, the outer casing 120a and the 
inner shaft 1 20b are drivingly coupled to be able to trans- 
mit the drive power, whereby the drive power is trans- 
mitted between the outer casing 120a and the inner 
shaft 120b. This brings the four-wheel drive vehicle 11 
into the state of four-wheel drive. In the drive power 
transmission device 17, the drive power (i.e., transmis- 
sion torque) transmitted between the outer casing 120a 
and the inner shaft 120b is increased in dependence on 
the magnitude in friction engagement of the main clutch 
120c. 

[0070] In the drive power transmission device 1 7, the 
friction engagement force generated in the pilot clutch 
mechanism 120d is augmented by the cam mechanism 
120e to be transmitted to the main clutch 120c, There- 
fore, the friction engagement force of the main clutch 
1 20c is increased or decreased in propprtion to the elec- 
tric current applied to the electromagnetic coil 124. This 
enables the increase or decrease of the transmission 
torque to be adjusted by controlling the electric current 
applied to the electromagnetic coil 1 24. The drive power 
distribution control device 31 is given a function to con- 
trol the transmission torque in dependence upon the 
state of the vehicle 11 . 

[0071] As shown in Figure 7, the drive power distribu- 
tion control device 31 is connected to a throttle opening 
degree sensor S1 , a vehicle speed sensor S2, wheel 
speed sensors S3 and a 4WD switch sensor S4 for de- 
tecting the state of a 4WD switch (not shown) and the 
like, and is provided with a microprocessor or microcom- 
puter 32 and a drive circuit 37. The microcomputer 32 
incorporates therein a CPU and memories for storing 
control programs and various data. The microcomputer 
32 takes detection signals output from the aforemen- 
tioned sensors S1 to S4 thereinto through interfaces 
(not shown) and controls an electric current applied to 
the electromagnetic coil 124, whereby the transmission 
torque output from the drive power transmission device 
17 is controlled to constitute a four-wheel drive state 
suitable to the traveling state of the vehicle. 
[0072] The microcomputer 32 calculates a transmis- 
sion torque based on the traveling state of the vehicle 
11 and outputs the calculated transmission torque as a 
command signal to the drive circuit 37 through an Inter- 
face (not shown). The drive circuit 37 controls the elec- 
tric current applied to the electromagnetic coil 124 
based on the command signal from the microcomputer 
32. 

[0073] Figures 8(a), 8(b) and 8(c) show base data 
used in calculating the transmission torque. The trans- 
mission torque T is the sum of a vehicle speed respon- 
sive torque ST which has been set in relation to the throt- 
tle opening degree 8 and the vehicle speed V and a ro- 
tational difference responsive torque ANT which has 
been set in relation with a front-rear wheel speed differ- 
ence AN. The graph In Figure 8(a) represents the vehi- 
cle speed responsive torque ST, and the graph in Figure 
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8(b) represents the rotational difference responsive 
torque ANT, In this particular embodiment, a four-wheel 
drive state controlfor controlling the transmission torque 
of the drive power transmission device 1 7 to the trans- 
mission torque T during the four-wheel drive traveling Is 
called as an "ordinary control". 

[0074] In the four-wheel drive vehicle 1 1 in this partic- 
ular embodiment, a torque-down control for lowering the 
transmission torque than that in the ordinary control is 
performed in a selective manner with the ordinary con- 
trol in order to obviate a torque shock which is likely to 
take place when the four-wheel drive state is made up 
or established. Further, in this particular embodiment, 
the degree to which the transmission toque is lowered 
in the torque-down control Is approximately half the 
transmission torque in the ordinary control. Additionally, 
in this particular embodiment, a slow returning means 
is provided for smoothly proceeding from the torque- 
down control to the ordinary control. Figure 8(c) repre- 
sents the relation of the transmission torque to time in 
transit from the torque-down control to the ordinary con- 
trol. 

[0075] In the four-wheel drive vehicle as constructed 
above, the drive power distribution control device 31 se- 
lectively executes the ordinary control and the torque- 
down control while the four-wheel drive vehicle 11 is in 
the four-wheel drive state. Figure 9 shows the flow chart 
which enables the microcomputer 32 of the drive power 
distribution control device 31 to selectively execute the 
ordinary control and the torque-down control. 
[0076] The microcomputer 32 begins to execute the 
control program when the 4WD switch S4 Is turned ON 
and reads the engine rotational speed Ne and the vehi- 
cle speed V at S201 to then proceeds to S202. The mi- 
crocomputer 32 at S202 judges whether or not, the ve- 
hicle speed V is smaller than a threshold value THV 
therefor. The microcomputer 32 advances its process- 
ing to S203 if the vehicle speed V is smaller than the 
threshold value THV or to S211 if it is larger than the 
threshold value THV. The microcomputer 32 at S203 
judges whether or not, the engine rotational speed Ne 
is larger than a threshold value THV therefor. The mi- 
crocomputer 32 proceeds to S204 when judging the en- 
gine rotational speed Ne to be larger than the threshold 
value THV or to S211 when Judging the engine rotational 
speed Ne to be smaller than the threshold value THV. 
[0077] The microcomputer 32 at step S204 makes the 
torque-down flag ON and clears a timer counter (not 
shown) and executes the torque-down control at S205. 
The microcomputer 32 repetitively executes this control 
program. When the microcomputer 32 executing this 
control program judges at S202 that the vehicle speed. 
V is larger than the threshold value THV, or judges at 
S203 that the engine rotational speed Ne is smaller than 
the threshold value THV, it proceeds to S211 to judge 
the state of the torque-down flag. When judging at S21 1 
that the torque-down flag is ON, the microcomputer 32 
makes the timer counter up at S212 and advances the 


routineto S213. it is to be noted that the threshold values 
THVs at S202 and S203 are set to different values. 
[0078] Then, the microcomputer 32 at S213 judges 
whether or not, the count time of the timer counter ex- 

5 ceeds a preset T time and if not, continues the torque- 
down control at S214. On the contrary, when judging 
that the count time of the time counter has exceeded the 
preset T time, the microcomputer 32 moves to S215 to 
make the torque-down flag OFF, clear the timer counter 

10 and return the control mode slowly from the torque- 
down control to the ordinary control. Further, when judg- 
ing at S211 that the torque-down flag is in OFF state, 
the microcomputer 32 advances its processing to S21 6 
to continue the ordinary control. 

15 [0079] As described above, while the four-wheel drive 
vehicle 1 1 is in the four-wheel drive state, the transmis- 
sion torque output from the drive power transmission de- 
vice 17 is controlled selectively under the ordinary con- 
trol or the torque-down control. The transmission torque 

20 under the ordinary control is maintained to an ordinary 
level needed for the ordinary four-wheel drive, while the 
transmission torque underthe torque-down control is re- 
duced by a predetermined amount than the ordinary lev- 
el. Therefore, the large transmission torque outputfrom 

25 the drive power transmission device 1 7 is reduced when 
the quick starting is made with the drive power of the 
engine 12 being kept at a high power output. This ad- 
vantageously prevents a large torque shock from being 
generated or restrains it to a smaller level though such 

30 a large torque shock otherwise be likely to be generated 
when the ordinary control Is continued at the quick start- 
ing, 

[0080] Although the drive power transmission means 
provided for the four-wheel drive vehicle 11 in the sec- 

35 ond embodiment is an electromagnetic-type drive pow- 
er transmission means (drive power transmission de- 
vice 17), it is not limited to the transmission means of 
the electromagnetic type. The transmission means of a 
hydraulic type may be employed instead of that of the 

40 electromagnetic-type. 

(Third Embodiment) 

[0081] Next, the third embodiment will be described 
45 with reference to Figures 1 0 to i 7. Figure 1 0 schemat- 
ically shows the general construction of a four-wheel 
drive vehicle 1 1 having a drive power distribution control 
device according to the third embodiment. In Figure 10, 
the parts identical or corresponding in configuration and 
so function to those shown in Figures 1 and 5 are denoted 
by the same reference numerals as used in these fig- 
ures. In particular, the construction shown in Figure 10 
more resembles that shown in Figure 5 rather than that 
shown in Figure 1 . Therefore, the descriptions previous- 
55 |y given with reference to Figures 1 and 5 are incorpo- 
rated by reference Into the description of the construc- 
tion shown in Figure 1 0 and constitute a part of the third 
embodiment. 
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[0082] Figure 10 more specifically shows the con- 
struction of the four-wheel drive vehicle 11 by providing 
a drive mode change-over switch 1 and an ignition 
switch 3. The drive mode change-over switch 1 has 
three change-over positions "2 WD, AUTO and LOCK" 
which are manually selectable by the driver and inputs 
the selected mode information or signal into a drive pow- 
er transmission control device31 labeled as "ECU". This 
drive mode change-over switch 1 Is referred to as a 
4WD switch S4 (Figure 7) in the foregoing second em- 
bodiment and therefore, has the same function as the 
4WD switch S4. Similarly, the ignition switch 3 is shown 
in Figure 2 by the reference numeral 40 and performs 
the same function as that denoted by the numeral 40 in 
Figure 2. Therefore, the description concerning the ig- 
nition switch 40 in the foregoing first embodiment and 
the description concerning the 4WD switch S4 in the 
foregoing second embodiment are incorporated by ref- 
erence into this third embodiment to constitute parts 
thereof. 

[0083] Figure 11 schematically shows the detail con- 
struction of a drive power transmission device 1 7 shown 
In Figure 10. The drive power transmission device 17 is 
arranged between first and second propeller shafts 15a, 
1 5b and operates to vary the amount of the drive power 
which is transmitted from an internal combustion engine 
12 to a rear differential 18 in dependence upon a control 
signal from a drive power transmission control device 
31 labeled as "ECU". Those illustrated at the upper half 
of Figure 6 are schematically shown in Figure 11, and 
the mechanism shown in Figure 11 has substantially the 
same In construction and function as that shown in Fig- 
ure 6. Therefore, the description concerning the drive 
power transmission device 17 in the foregoing second 
embodiment is incorporated by reference into this third 
embodiment to constitute a part thereof. 
[0084] Figure 11 more specifically illustrates the con- 
struction around a pilot clutch mechanism 120d than 
Figure 6 does. That is, the pilot clutch mechanism 120d 
is an electromagnetic clutch which is composed of an 
electromagnet 113, a friction clutch 114, an armature 
125 and a yoke 124a. The annular electromagnet 113 
comprises an electromagnetic coil 124 wound around 
the rotational axis L and, with itself being fit in the yoke 
124a, is inserted inside an annular cave 121d through 
a predetermined clearance or spacing. The yoke 124a 
is secured to a vehicle body (not shown) to be rotatable 
relative to the rear cover 121b. The rear cover 121b is 
formed by bodily fabricating an innercylindrical member 
taking the form of an almost L-letter in a radial cross- 
section and made of a magnetic material, an outer cy- 
lindrical member made of a magnetic material and ar- 
ranged externally of the inner cylindrical member, and 
an annular isolation member 111 made of a non-mag- 
netic material fixed between the inner and outer cylin- 
drical members. 

[0085] The friction clutch 1 14 is of a wet-type multiple 
disc type having a plurality of clutch plates which com- 
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prise outer clutch plates 114a and inner clutch plates 
1 1 4b. Each outer clutch plate 1 4a is spline-engaged with 
the Internal surface of a front housing 121a and is as- 
sembled to be movable axially. Each inner clutch plate 

s 114b is spline-engaged with the external surface of a 
first cam member 126 constituting the cam mechanism 
1 20e and is assembled to be movable axially. An annu- 
lar armature 125 is spline-engaged with the internal sur- 
face of the front housing 121a and is assembled to be 

10 movable axially, The annular armature 125 is arranged 
at a front side of the friction clutch 114 in face-to-face 
relation. 

[0086] In the pilot clutch mechanism 120d as con- 
structed above, by applying an electric current to the 

15 electromagnetic coil 124 to excite the electromagnet 
113, there is formed a loop-like recirculating magnetic 
path which recirculates through a course made by the 
electromagnet 113 as a starting point, the rear cover 
121b, the friction clutch 114 and the armature 125, The 

20 exciting electric current flowing through the electromag- 
netic coil 124 of the electromagnet 113 Is controlled to 
a predetermined current value which is set under a duty 
control operation performed in the drive power distribu- 
tion control device 31 , as will be described later in detail. 

25 [0087] The intermittent application of the exciting 
electric current to the electromagnetic coil 124 of the 
electromagnet 113 is made through the switching ma- 
nipulation of the drive mode change-over switch 1 
shown in Figure 1 0, wherein three drive modes are se- 

30 lectable. The change-over switch 1 is provided by a driv- 
er's seat within a vehicle cabin to enable the driver to 
manipulate it easily. In case that the drive power distri- 
bution control device 31 is designed to operate in a sec- 
ond drive mode (AUTO mode) only, the change-over 

35 switch 1 may be omitted. 

[0088] In the drive power transmission device 1 7 as 
constructed above, when the electromagnetic coil 124 
of the electromagnet 113 constituting the pilot clutch 
mechanism 120d is not excited or not supplied with an 

40 exciting electric current, no magnetic path is formed, 
and the friction clutch 114 is maintained disengaged, so 
that the pilot clutch mechanism 120d is out of operation. 
In this state, the first cam member 126 constituting the 
cam mechanism 1 20e is brought into the state that it can 

45 be rotated together with the second cam member 127 
through the cam followers 128. This makes the main 
clutch mechanism 120c disengaged, so that the vehicle 
1 1 is put in the second drive mode (2WD mode) for two- 
wheel drive. 

so [0089] On the other hand, when the electromagnetic 
coil 124 of the electromagnet 113 is supplied with an 
exciting electric current, the loop-like recirculating mag- 
netic path starting from the electromagnet 1 1 3 is formed 
in the clutch mechanism 120d, and the electromagnet 

55 113 generates a magnetic force to attract the armature 
125. Thus, the armature 125 is moved to press the fric- 
tion clutch 114, and the first cam member 1 26 of the cam 
mechanism 1 20e Is brought into driving connection with 
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the outer casing 120a. This makes the relative rotation 
between the first cam member 126 and the second cam 
member 1 27 ; whereby a thrust force is generated in the 
cam mechanism 120e to move both cam members 127, 
126 away from each other. 

[0090] Consequently the second cam member 1 27 is 
pressed against the main clutch mechanism 1 20c there- 
by to press the same in cooperation with the Innermost 
wall portion of the front housing 121a and brings the 
main clutch mechanism 120c in friction engagement in 
dependence upon the friction engagement force of the 
friction clutch 114. Therefore, the torque transmission 
takes place between the outer casin g 1 20a andthe inner 
shaft 120b, and the vehicle 11 is put into operation in 
the second drive mode (AUTO mode) which is such four- 
wheel drive that the first and second propeller shafts 
1 5a, 1 5b are between a disengagement state and a lock 
state. In this second drive mode, the rate of the drive 
power distribution between the front and rear wheels 
can be controlled to range from "1 00 ; 0" (i.e., the two- 
wheel drive state) to the lock state. 
[0091] Also in the second drive mode, the supply of 
the exciting electric current to the electromagnetic coil 
124 of the electromagnet 113 is duty-controlled based 
on the wheel rotation sensors 33, the throttle opening 
degree sensor 34, an accel pedal stepping-on sensor 
(not shown) and the like, namely, in dependence upon 
the vehicle traveling state and the road surface state, 
thereby to control the friction engagement force of the 
friction clutch 114 (i.e., the transmission torque to the 
rear wheels). 

[0092] When the exciting electric current to the elec- 
tromagnetic coil 124 of the electromagnet 113 is in- 
creased to a lock current of a predetermined value, the 
attractive force of the electromagnet 113 toward the ar- 
mature 125 is increased, which is hence attracted 
strongly to enhance the friction engagement force of the 
friction clutch 114, and the relative rotation is further In- 
creased between the cam members 126 and 127. As a 
result, the cam followers 1 28 further enforces the press- 
ing force against the second cam member 127 thereby 
to bring the main clutch mechanism 120c into the com- 
plete connection state. Thus, the vehicle 11 is put into 
operation in the third drive mode (LOCK mode) which is 
such four-wheel drive that the first and second propeller 
shafts 15a, 15b are kept in a lock state. 
[0093] The drive power distribution control device 31 
labeled as "ECU" is composed of a CPU or microcom- 
puter, memories, Input/output interfaces, A/D convert- 
ers (all not shown) and a drive circuit 37, a current de- 
tection circuit 36 (shown in Figure 12) and the like. Brief- 
ly, a hardwired configuration which is the same or cor- 
responding to that shown in Figure 2 relating to the fore- 
going first embodiment is employed for this purpose. 
Then, the drive power distribution control device 31 Is 
tailored by being operated in accordance with a prede- 
termined control program stored In the memories there- 
of so as to execute a feedback control loop processing 


operation as illustrated in Figure 12. 
[0094] To be short, when the throttle opening degree 
signal G and the wheel speed signals N1-N4 are input 
to the microcomputer, the generation of a transmission 

5 torque command value is carried out by a command 
torque generation section 51 based on these signal data 
input thereto, as described later. Thereafter, a torque 
current converter 59 executes a processing for convert- 
ing the transmission torque command value generated 

10 by the command toque generation section 51 Into a cor- 
responding current. Since a current command value is 
generated for a target torque, an adder 56 calculates 
the difference between the current command value and 
a current detection signal lep detected by the current 

15 detection circuit 36. The current difference thus ob- 
tained is input a PI control section 61 , wherein a propor- 
tional integral control Is performed to calculate an excit- 
ing current needed actually. 

[0095] Then, the exciting current is put into a pulse 
20 width modulation processing in a PWM output converter 
62 to perform a switching control of a switching element 
42 through a drive circuit 37. This results in applying an 
exciting current to the electromagnetic coil 124 of the 
electromagnet 113 which is connected in series be- 
25 tween the switching element 42 and a battery (B), Thus, 
as described earlier, the loop-like recirculating path 
starting from the electromagnet 113 Is formed, which 
thus attracts the armature 125. Therefore, the electro- 
magnetic clutch of the pilot clutch mechanism 120d is 
30 brought into operation, whereby the drive power input 
from the first propeller shaft 15a is transmitted to the 
second propeller shaft 1 5b, 

[0096] The generation of the transmission torque 
command value by the command torque generating 
35 section 51 will be described with reference to Figure 1 2 
to 16. 

[0097] As shown in Figure 12, the command torque 
generation section 51 is composed of a pre-torque op- 
eration section 53, a AN torque operation section 54 and 

40 a pre-torque modification section 55. The pre-torque op- 
eration section 53 has a function of calculating a pre- 
torque T1 based on the throttle opening degree signal 
6 input from the throttle valve degree sensor 34 and the 
vehicle speed V input from the pre-torque modification 

45 section 55 and through a map processing referred to lat- 
er. Herein, "pre-torque" means a transmission torque 
set to the rear wheels 20, 20 when the vehicle 11 starts. 
[0098] The AN torque operation section 54 has a func- 
tion of calculating a AN torque T2 based on the vehicle 

so speed V and a slip amount AN both calculated by the 
pre-torque modification section 55 and through a map 
processing. Herein, "AN torque T2" means the transmis- 
sion torque to the rear wheels 20, 20 which is set through 
the foregoing feedback control loop processing. 

55 [0099] The pre-torque modification section 55 has a 
function of calculating the vehicle speed V and the slip 
amount AN based on the throttle opening degree signal 
6 input from the throttle opening degree sensor 34 and 
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the wheel speed signals N1-N4 input respectively from 
the wheel speed sensors 33 and also has another func- 
tion of executing an operation processing to modify a 
pre-torque map. The latter function is realized by a pre- 
torque setting processing shown In Figure 13. This pre- 
torque setting processing is repetitively executed by the 
drive power distribution control device 31 at a regular 
interval which is determined by a predetermined timer- 
dependant interrupt processing. 
[0100] That Is, as shown in Figure 13, in the pre- 
torque modification section 55, after a predetermined in- 
itializing processing, a processing is executed to calcu- 
late the vehicle speed V and the slip amount AN at S301 . 
In this processing, for example, the vehicle speed V is 
calculated as an average speed value of the wheel 
speed signals N3 t N4 of the driven or rear wheels. Fur- 
ther, the slip amount AN is represented by the value 
which is obtained by subtracting the vehicle speed V 
from an average speed value of the wheel speed signals 
N1 , N2 of the drive or front wheels (i.e., the difference 
= average front wheel speed - average rear wheel 
speed). 

[0101] At the next S303 , a judgment is made of wheth- 
er the vehicle speed V is 0 km/h or not. In this process- 
ing, the vehicle 1 1 is judged to stand stopped or not, and 
if it stands stopped at present (Yes at S303), the routine 
is advanced to S305 to make a stop flag ON, whereas 
if the vehicle is traveling, S305 is skipped and S307 is 
reached. At S305 ; the stop flag is set ON. This flag is to 
indicate the occurrence of the fact that the vehicle has 
been stopped after the modification of a pre-torque map 
at S31 9 referred to later. At Step 307 successive thereto, 
a branch destination is determined to be changed in de- 
pendence on the state of the stop flag. 
[0102] A judgment is made at S307 as to whether or 
not, the state of the stop flag is ON. If the vehicle 11 has 
been stopped after the pre-torque map was modified at 
S319 (i.e., Yes at S307), the pre-torque map is to be 
modified again, for which purpose, this judgment 
processing is performed. Therefore, If the stop flag is 
OFF which means that the vehicle 11 has not been 
stopped after the pre-torque map was modified at S31 9 
(No at S307), a series of the pre-torque setting process- 
ing at this time are terminated, and there is awaited the 
next processing opportunity given by the timer-depend- 
ent interrupt and so on. 

[0103] If the stop flag is ON (Yes at S307), the routine 
moves to S309 next thereto, wherein a judgment is 
made of whether or not, the vehicle speed is more than 
0 km/h but less than a km/h . That is, at S309, a judgment 
Is made as to whether the vehicle is beginning to start 
or not, by grasping the motion of the vehicle 1 1 from the 
vehicle speed V, and the routine is then moved to S3 1 1 
when the vehicle 11 is in the middle of starting (Yes at 
S309), but to S31 7 when it Is not in the middle of starting. 
The predetermined speed "a km/h" in this particular em- 
bodiment is for example, several km/h. 
[0104] At S311 and S313 next thereto, it is judged 


whether or not, the vehicle 1 1 is in the middle of starting, 
by grasping the motion of the vehicle from the driver's 
manipulation. Specifically, S311 involves judging wheth- 
er or not, the brake is OFF, from a brake pedal signal 

5 (not shown). If it is judged that the brake pedal has not 
been stepped on (Yes at S311), the vehicle 11 is judged 
not to be in the middle of being braked by the brake 
mechanism. Conversely, if the brake pedal has been 
stepped on (No at S311), the vehicle 11 is being braked 

10 by the brake mechanism, and a series of the pre-torque 
setting processing are terminated this time to await the 
next processing opportunity given by the timer-depend- 
ent interrupt. 

[0105] Also at S313, it is judged whether or not, the 

is throttle opening degree is more than a predetermined 
p%, based on the throttle opening degree signal (6), that 
is, whether or not, the driver is stepping on an accel ped- 
al. If the accel pedal has been stepped on (Yes at S31 3), 
the vehicle 1 1 is judged to being accelerated. Converse- 

20 |y, when the accel pedal has not been steeped on (No 
at S313), the slip caused by the vehicle starting is not 
generated. Therefore, also this time, a series of the pre- 
torque setting processing are terminated to await the 
next processing opportunity given by the timer-depend- 

25 ent interrupt. The predetermined "p%" in this particular 
embodiment represents, for example, the throttle open- 
ing degree which keeps the engine 22 in the state of 
idling. The aforementioned S309, S311 and S313 are 
for detecting the starting of the vehicle 11 and constitute 

30 start detection step or means. 

[0106] When the starting of the vehicle is detected 
through S309, S311 and S313 (i.e., Yes at each of these 
steps), the routine proceeds to S315 to execute a max- 
imum slip amount renewal processing shown in Figure 

35 14. 

[0107] In the maximum slip amount renewal process- 
ing, as shown in Figure 1 4, first of all, it is judged at S401 
whether or not, a slip amount AN detected this time ex- 
ceeds the maximum slip amount ANmax. When the de- 

40 tected slip amount AN exceeds the maximum slip 
amount ANmax (Yes at S401 ), the detected slip amount 
AN is renewally stored as the maximum slip amount AN- 
max to replace the same at S403. Conversely, when the 
detected slip amount AN does not exceed the maximum 

45 slip amount ANmax (No at S401), the maximum slip 
amount ANmax is not to be renewed and hence, S403 
is skipped to terminate the maximum slip amount renew- 
al processing and to return the routine to the pre-torque 
setting processing. Upon returning to S315 from the 

so maximum slip amount renewal processing, the series of 
pre-torque setting processing are terminated to await 
the next processing opportunity given by the timer-de- 
pendent interrupt. 

[0108] Returning again to the pre-torque setting rou- 
55 tine shown in Figure 13, when the vehicle speed V Is 
judged to be neither more than 0 km/h nor less than a 
km/h at S309 (No at S309), the routine moves to a slip 
level setting processing at S31 7. As shown in Figure 15, 
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in the slip level setting processing, it is judged at S501 
whether or not, the slip level LV is zero. 
[0109] That is, the slip level LV is used as an index 
value which represents the degree of the maximum slip 
amount ANmax set or renewed through a maximum slip 
amount renewing processing. And, it is judged whether 
the slip level LV is to be set or to be renewed, and when 
the slip level LV is judged to be zero (Yes at S501), a 
new slip level LV which is suitable to the threshold value 
A is set through those of processing at S511 to S529. 
Conversely, when the slip level LV is judged not to be 
zero (No at S501), it is meant that levels 1 to 5 have 
been set as the slip level LV, and the renewal of the slip 
level LV is executed based on the present maximum slip 
amount ANmax through the processing at S503 and 
S507. 

[0110] S503 and S507 are to adjust and renew the 
slip level LV having been set, and It is Judged at S503 
whether or not the maximum slip amount ANmax is larg- 
er than the predetermined threshold value A or not. 
Herein, the "predetermined threshold value A" is a pa- 
rameter which is used for additionally adjusting the slip 
level LV by one level and is chosen to take the value of 
"Level 1 Threshold Value ^ Threshold Value A", When 
it is judged through this processing that the maximum 
slip amount ANmax is larger than the predetermined 
threshold value A (Yes at S503), S507 Is then reached, 
wherein a processing is executed to increment the slip 
level LV (i.e., LV=LV+1). Conversely, when the maxi- 
mum slip amount ANmax is riot larger than the prede- 
termined threshold value A (No at S503), S504 follows. 
[01 1 1 ] At S504, it is judged whether the maximum slip 
amount ANmax is smaller than the predetermined 
threshold value B or not Herein, the " predetermined 
threshold value B" is a parameter for subtractively ad- 
justing the slip level LV by one level, and is chosen to 
take the value of "Level 1 Threshold Value m Predeter- 
mined Threshold value B". When the maximum slip 
amount ANmax is judged to be smaller than the prede- 
termined threshold value B (Yes at S504), the routine is 
moved to S505 to execute the processing for decre- 
menting the slip level LV (LV=LV-1). And, the slip level 
thus renewed is stored in the memory of the drive power 
distribution control device 31. Further, it is judged at 
S504 that the maximum slip amount ANmax is not small- 
erthan a predetermined threshold value B (No at S504), 
the slip level LV is not modified to maintain the present 
slip level LV. 

[0112] When the adjustment, renewal and storing of 
the slip level LV is performed through these steps S503 
to S507, the slip level setting processing is terminated, 
and the routine is returned to the pre-torque setting 
processing shown in Figure 13. 

[01 1 3] The threshold values A and B are values which 
are set to provide a hysteresis in adjusting the once set 
slip level LV, and the difference between the threshold 
values A and B (i.e., threshold value A-threshold value 
B) can make the once set slip level LV not to vary more 


frequently than required. Although the threshold values 
A and B are set preferably to satisfy the relation of 
"Threshold Value B ^ Level 1 Threshold Value ^ 
Threshold Value A", they are not limited to these values. 
5 Rather, as far as the relation of threshold value B ^ 
threshold value A is satisfied, the threshold vales A and 
B can be set freely at need. 

[0114] On the other hand, S511 through S529 are to 
set a slip level LV appropriate to the maximum slip 

10 amount ANmax when the slip level is zero. First of all, it 
is judged at S511 whether or not, the maximum slip 
amount ANmax is smallerthan the level 5 threshold val- 
ue. The level 5 threshold value is set larger than the level 
4 threshold value which is compared at S51 3 or the like. 

15 These various level threshold values have the relation 
of: 

level 5 threshold value > level 4 threshold value>level 3 
threshold value > level 2 threshold value >level 1 thresh- 
old value > level 0. 

20 [0115] When it is judged at S511 that the maximum 
slip amount ANmax is smaller than the level 5 threshold 
value (Yes at S511 ) : it is meant that the slip level LV ap- 
propriate to the maximum slip amount ANmax is the lev- 
el 4 or smaller than the same, and the next judgment 

25 processing is moved to S513. Conversely, when the 
maximum slip amount ANmax is judged not to be small- 
er than the level 5 threshold value (No at S511), it is 
meant that the slip level LV appropriate to the maximum 
slip amount ANmax is the level 5, and the routine is 

30 moved to S521 , wherein the slip level Is incremented 
(LV=LV+1). Then, the routine is moved to S523, S525, 
S527 and S529 successively, at each of which the slip 
level is incremented (LV=LV+1 ). As a result, the slip lev- 
el is set to the level 5. The slip level LV (level 5) set in 

35 this manner is stored in the memory of the drive power 
distribution control device 31 . 

[01 16] At S51 3, a judgment is made as to whether or 
not, the maximum slip amount ANmax is smaller than 
the level 4 threshold value. When it is judged at S513 

40 that the maximum slip amount ANmax is smaller than 
the level 4 threshold value (YesatS513), It is meant that 
the slip level LV appropriate to the maximum slip amount 
ANmax is the level 3 or smaller the same, and the next 
judgment processing is moved to S515. Conversely, 

45 when the maximum slip amount ANmax Is judged not to 
be smaller than the level 4 threshold value (No at S5 1 3) , 
it is meant that the slip level LV appropriate to the max- 
imum slip amount ANmax is the level 4, and the routine 
is moved to S523, wherein the slip level is incremented 

so (LV=LV+1). Then, the routine is moved to S525, S527 
and S529 successively, at each of which the slip level 
is incremented (LV=LV+1). As a result, the slip level is 
set to the level 4. The slip level LV (level 4) set in this 
manner is stored in the memory of the drive power dis- 

55 tribution control device 31 . 

[01 17] At S51 5, a judgment is made as to whether or 
not, the maximum slip amount ANmax is smaller than 
the level 3 threshold value. When it is judged at S515 
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that the maximum slip amount ANmax is smaller than 
the level 3 threshold value (Yes at S51 5), It is meant that 
the slip level LV appropriate to the maximum slip amount 
ANmax is the level 2 or smaller the same, and the next 
judgment processing is moved to S517. Conversely, 
when the maximum slip amount ANmax is judged not to 
be smaller than the level 3 threshold value (No atS515), 
it is meant that the slip level LV appropriate to the max- 
imum slip amount ANmax Is the level 3, and the routine 
is moved to S525, wherein the slip level is incremented 
(LV=LV+1). Then, the routine is moved to S527 and 
S529 successively, at each of which the slip level is in- 
cremented (LV=LV+1). As a result, the slip level is set 
to the level 3. The slip level LV (level 3) set in this manner 
is stored in the memory of the drive power distribution 
control device 31 . 

[01 1 8] At S51 7, a judgment is made as to whether or 
not, the maximum slip amount ANmax is smaller than 
the level 2 threshold value. When it is judged at S517 
that the maximum slip amount ANmax is smaller than 
the level 2 threshold value (Yes at S51 7), it is meant that 
the slip level LV appropriate to the maximum slip amount 
ANmax is the level 1 or smaller the same, and the next 
judgment processing is moved to S519. Conversely, 
when the maximum slip amount ANmax is judged not to 
be smaller than the level 2 threshold value (No at S51 7), 
it is meant that the slip level LV appropriate to the max- 
imum slip amount ANmax is the level 2, and the routine 
is moved to S527, wherein the slip level is incremented 
(LV=LV+1 ) . Then , the routine is moved to S529, at which 
the slip level is incremented (LV=LV+1). As a result, the 
slip level is set to the level 2. The slip level LV (level 2) 
set in this manner is stored in the memory of the drive 
power distribution control device 31 . 
[0119] At the last S519, a judgment is made as to 
whether or not, the maximum slip amount ANmax is 
smaller than the level 1 threshold value. When it is 
judged at S519 that the maximum slip amount ANmax 
is smaller than the level 1 threshold value (Yes atS519), 
it is meant that the slip level LV appropriate to the max- 
imum slip amount ANmax is the level 0, and the slip level 
remains level 0 without executing any processing for the 
slip level, Conversely, when the maximum slip amount 
ANmax is judged not to be smaller than the level 1 
threshold value (No at S519), It is meant that the slip 
level LV appropriate to the maximum slip amount AN- 
max Is the level 1 , and the routine is moved to S529, 
wherein the slip level is incremented (LV=LV+1) to be 
set to the level 1 . The slip level LV (level 1) set in this 
manner is stored in the memory of the drive power dis- 
tribution control device 31 . The setting and storing of the 
slip levels are completed through the processing of 
these steps S511 to S529, and the maximum slip 
amount setting processing is terminated to return the 
routine to the pre-torque setting routine shown in Figure 
13, 

[0120] In this manner, in the maximum slip amount 
setting processing, the slip levels are set and stored in 


dependence on the maximum slip amount ANmax 
through S511 to S529, and a learning processing is car- 
ried out through S503 to S507 wherein the slip levels 
are modified (adjusted or renewed) In dependence on 
5 the change in the maximum slip amount ANmax. Ac- 
cordingly, it can be done at S31 9 of the pre-torque set- 
ting processing to modify the pre-torque map in depend- 
ence on the slip levels so learnt, as will be explained 
hereinafter. 

10 [0121] Referring back to Figure 13 showing the pre- 
torque setting processing, upon termination of the slip 
amount setting processing at S317, a processing at 
S3 1 9 is next executed for modifying the pre-torque map. 
More specifically, as shown in Figure 1 6, the torque map 

15 which defines the pre-torque at 0 km/h of the vehicle 
speed is modified in dependence on the level value of 
the calculated slip level LV. The torque map shown in 
Figure 16 represents the throttle opening degree (0% 
through 100%) on Y-axis (6) : the torque on Z-axis and 

20 the vehicle speed V on X-axis (V), and the torque T1 at 
0 km/h of the vehicle speed is set in the form of the 
torque map. 

[0122] For instance, when the maximum slip amount 
ANmax is made larger than threshold value (A) at S403 
25 of the slip amount renewal processing (Figure 1 4) at the 
last time, the slip level LV which was set to the level 2 
at the last time is renewed to the level 3 by the execution 
of S507 of the slip level setting processing (Figure 15). 
In connection with this, the pre-torque map is modified 
30 from the level 2 characteristicto the level 3 characteristic 
by the processing at S3 19 shown in Figure 13. On the 
contrary, when the maximum slip amount ANmax is 
made smaller than the threshold value (B) at S403 of 
the slip amount renewal processing at the last time, the 
35 slip level LV which was set to the level 4 for example is 
renewed to the level 3 by the execution of S505 of the 
slip level setting processing, in the connection with 
which the pre-torque map is modified from the level 4 
characteristicto the level 3 characteristic by the execu- 
te tion of the processing at S319 of the pre-torque setting 
processing. 

[0123] After the processing for modifying the pre- 
torque map is executed at S31 9, the stop flag is set from 
ON to OFF at the successive S321 , and the maximum 

45 slip amount ANmax is cleared to zero at S323. Thus, a 
series of steps for the pre-torque setting processing are 
terminated, and the next processing opportunity for ex- 
ecuting this processing is awaited to be given by the next 
timer-dependent interrupt. 

50 [0124] As described hereinabove, in the drive power 
distribution control device according to the third embod- 
iment, the pre-torque modification section 55 detects the 
starting of the vehicle by the execution of S309 and cal- 
culates the slip amount AN from the wheel speed diff er- 

55 ence between the front wheels 16,16 driven by the drive 
power of the first propeller shaft 1 5a and the rear wheels 
20, 20 driven by the drive power of the second propeller 
shaft 1 5b. Then, the pre-torque operation section 53 de- 
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termines the degree of the connection of the first pro- 
peller shaft 15a with the second propeller shaft 15b 
which connection is to be made by the drive power trans- 
mission device (torque coupling) 17 when the vehicle 
begins to start. Consequently, since the degree of the 
drive power by the drive power transmission device 1 7 
can be determined in dependence on the slip amount 
AN at the starting of the vehicle 11 , the slip of the vehicle 
1 1 can be restrained in adaptation for the state of a road 
surface at the starting of the vehicle 11 . 
[0125] In the forgoing drive power distribution control 
device 31 according to the third embodiment, the pre- 
torque modification section 55 of the device 31 sets and 
stores the slip level LV based on the maximum slip 
amount ANmax which is the largest in value of those 
calculated by the processing from S511 through S529 
and further executes the learning of modifying and stor- 
ing the slip level LV so set in dependence on the modi- 
fication of the maximum slip amount ANmax at S503, 
S507. Then, since the pre-torque operation section 53 
determines the degree of the drive power by the drive 
power transmission device 1 7 based on the slip level LV 
which has been so learnt, the slip of the vehicle 11 can 
be restrained in dependence on the change in the slip 
amount AN which change corresponds to the state of a 
road surface at the starting of the vehicle 11 . 
[0126] In short, according to the forgoing drive power 
distribution control device 31 , the starting performance 
can be Improved on a slippery road whose surface has 
a small (u.) or a small friction coefficient as well as on a 
bumpy road, and further, the fuel consumption perform- 
ance can be improved by diminishing the torque distri- 
bution to the drive wheels (e.g., rear wheels 20, 20) 
when the vehicle 11 runs on a large (n) road on which 
slip is little. Accordingly, it is possible to Improve not only 
the starting performance but also the fuel consumption 
performance. In addition, the slip on the clutch plates in 
the main clutch mechanism 120c Is restrained to the 
least, heat generation caused by the slip on the clutch 
plates can also be restrained. 

[0127] Figure 17 shows a modification of the third em- 
bodiment, wherein an additional torque operation sec- 
tion 55a is employed in place of the pre-torque modifi- 
cation section 55 constituting the command torque gen- 
erating section 51 . More specifically, the foregoing third 
embodiment is designed so that the pre-torque modifi- 
cation section 55 executes the pre-torque modification 
processing (S319) of the pre-torque setting processing 
so as to modify the torque map shown in Figure 16. In 
contradistinction thereto, the present modified form of 
the third embodiment may be constituted as shown in 
Figure 17, wherein the addition torque operation is ex- 
ecuted instead of the pre-torque modification process- 
ing (S31 9) still at the same step thereof. In this modified 
case, the additional torque operation processing is to 
take use of the level 0 data as the base map and then, 
to make addition of a necessary torque depending on 
the level value of the slip level LV to the base map char- 


acteristic. By making the modification as above, it be- 
comes unnecessary to make direct modification of the 
pre-torque map or the AN toque map, so that fine or 
minute torque setting which reflects the accuracy in op- 
5 eration processing can advantageously be done with re- 
spect to the additional torque. 

[0128] Although the foregoing third embodiment ex- 
emplifies those slip levels divided 


w 

Claims 

1 . A drive power distribution control device for a four- 
wheel drive vehicle for variably controlling a drive 

is power distributed from an engine to a driven wheel 
axle by variably controlling the power transmission 
rate of a drive power transmission device based on 
various sensing means including at least vehicle 
speed sensing means for detecting a vehicle speed, 

20 said drive power distribution control device com- 
prising: 

traveling state judgment means responsive to 
a vehicle speed signal output from said vehicle 

25 speed sensing means for judging whether said 

vehicle is beginning to start or not and also for 
judging the state or manner in which the vehicle 
is beginning to start; and 
transmission torque control means operable 

30 when said vehicle is judged to be beginning to 

start by said traveling state judgment means, 
for controlling the drive torque transmitted to 
said driven wheel axle in dependence on the 
state or manner judged by said traveling state 

35 judgment means. 

2. A drive power distribution control device for a four- 
wheel drive vehicle for variably controlling the drive 
power distributed to a driven wheel axle by variably 

40 controlling the power transmission rate of a drive 
power transmission device based on a vehicle 
speed obtained from vehicle speed sensing means 
and an acceleration manipulation amount obtained 
from acceleration manipulation amount detection 

45 means, said control device comprising: 

traveling state judgment means for judging 
whether the vehicle is beginning to start or not, 
and 

so control means for controlling the power trans- 

mission rate of said drive power transmission 
device to make the drive power distributed to 
said driven wheel axle larger than an ordinary 
value for an ordinary four-wheel drive traveling 

55 when said traveling state judgment means 

judges that said vehicle is beginning to start. 

3. A drive power distribution control device as set forth 


18 


35 


EP 1 375 231 A2 


36 


in Claim 2, wherein said traveling state judgment 
means comprises: 

first comparison means for comparing said ve- 
hicle speed with a predetermined threshold val- 5 
ue for judgment of said vehicle speed; 
second comparison means for comparing said 
acceleration manipulation amount with another 
predetermined threshold value for judgment of 
said acceleration manipulation amount; and 10 
judgment means for judging whether the vehi- 
cle is beginning to start or not, based on the 
results of the comparisons performed by said 
first and second comparison means. 

15 

4. A drive power distribution control device as set forth 
in Claim 2, further comprising: 

compensation amount calculation means for 
calculating a compensation drive power distri- 20 
bution amount based on a rotational difference 
between a drive wheel axle and said driven 
wheel axle; and 

means for adding said compensation drive 
power distribution amount calculated by said 25 
compensation amount calculation means to 
said ordinary value for said ordinary four-wheel 
drive traveling, when said vehicle is judged to 
be beginning to start by said traveling state 
judgment means . 30 

5. A drive power distribution control device as set forth 
in Claim 4, further comprising: 

storage means for storing a characteristic map 35 
to be used in obtaining said compensation drive 
power distribution amount; and wherein : 

said compensation amount calculation 
means obtains said compensation drive *o 
power distribution amount by reference to 
said characteristic map stored in said stor- 
age means based on the rotational differ- 
ence between said drive wheel axle and 
said driven wheel axle. 45 

6. A four-wheel drive vehicle comprising: 

a primary drive wheel axle connected to drive 
wheels ; 50 
a secondary drive wheel axle connected to driv- 
en wheels; 

drive means for driving said primary drive wheel 
axle; 

a drive power transmission device for transmit- 55 
ting the drive power from said drive means to 
said secondary drive wheel axle; 
detection means for detecting whether a quick 


starting has taken place or not of said vehicle, 
based on a predetermined high drive power 
output from said drive means; and 
control means for reducing the drive power 
transmitted from said drive power transmission 
device to said secondary drive wheel axle when 
said quick stating has taken place, by a prede- 
termined amount than that which said drive 
power transmission device transmits to said 
secondary drive wheel axle when said vehicle 
is in an ordinary four-wheel drive traveling. 

7. A four-wheel drive vehicle as set forth in Claim 6, 
wherein: 

said drive means comprises an internal com- 
bustion engine; and 

said control means controls the drive power to 
be transmitted to said secondary drive wheel 
axle based on the rotational speed of said en- 
gine and the traveling speed of said vehicle. 

8. A four-wheel drive vehicle as set forth in Claim 6, 
wherein: 

said drive power transmission device compris- 
es an electromagnetic drive power transmis- 
sion mechanism for being put into operation 
when an electric current is applied thereto, to 
transmit the drive power output from said drive 
means to said secondary drive axle; and 
said control means controls the drive power to 
said secondary drive wheel axle by controlling 
said electric current applied to said electromag- 
netic drive power transmission mechanism. 

9. A control device for a vehicle drive power transmis- 
sion device of a vehicle of the type wherein one 
drive axle and the other drive axle are connected 
by a drive power transmission device In depend- 
ence upon a wheel speed difference between drive 
wheels driven by the drive power of said one drive 
axle and driven wheels driven by the drive power of 
said other drive axle so as to transmit the drive pow- 
er from said one drive axle to said other drive axle, 
said control device comprising: 

vehicle starting detection means for detecting 
whether said vehicle is beginning to start or not; 
slip amount calculation means for calculating a 
slip amount based on said wheel speed differ- 
ence between said drive wheels rotated by the 
drive power of said one drive axle and said driv- 
en wheels rotated by the drive power of said 
other drive axle; and 

connection degree determination means re- 
sponsive to said slip amount calculated by said 
slip amount calculation means for determining 
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the connection degree by said drive power 
transmission device of said one drive axle with 
said other drive axle when it is detected by said 
vehicle starting detection means that said ve- 
hicle is beginning to start. 

1 0. A control device as set forth in C laim 9, wherein said 
connection degree determination means compris- 
es: 

slip level setting means for setting a slip level 
based on said slip amount calculated by said 
slip amount calculation means and for storing 
the set slip level therein; and 
slip level learning means for executing the 
learning of modifying said slip level stored in 
said slip level setting means In dependence on 
the variation in said slip amount calculated by 
said slip amount calcu lation means and for stor- 
ing the modified slip level in said slip level set- 
ting means; 

whereby said connection degree is determined 
based on said slip level learnt by said slip level 
learning means. 

1 1 . A drive power distribution control method for a four- 
wheel drive vehicle, of variably controlling the drive 
power distributed from an engine to a driven wheel 
axle by variably controlling the power transmission 
rate of a drive power transmission device based on 
various sensing means including at least vehicle 
speed sensing means for detecting a vehicle speed, 
said drive power distribution control method com- 
prising: 

a traveling state judgment step responsive to 
detection signals from various sensing means, 
of judging whether said vehicle is beginning to 
start or not and also of judging the state or man- 
ner in which the vehicle is beginning to start; 
and 

a transmission torque control step executed 
when it is judged at said traveling state judg- 
ment step that the vehicle is beginning to start, 
of controlling the drive torque transmitted to 
said driven wheel axle in dependence on the 
state or manner judged at said traveling state 
judging step. 

12. A drive power distribution control method for a four- 
wheel drive vehicle, of variably controlling the drive 
power distributed to a driven wheel axle by variably 
controlling the power transmission rate of a drive 
power transmission device based on a vehicle 
speed and an acceleration manipulation amount, 
said control method comprising: 

a traveling state judgment step of judging 
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whether said vehicle is beginning to start or not, 
and 

a control step of controlling the power transmis- 
sion rate of said drive power transmission de- 
vice X6 make the drive power distributed to said 
driven wheel axle larger than an ordinary value 
for an ordinary four-wheel drive traveling when 
it is judged at said traveling state judgment step 
that said vehicle is beginning to start. 

13. A drive power distribution control method for a four- 
wheel drive vehicle having a primary drive wheel ax- 
le connected to drive wheels; a secondary drive 
wheel axle connected to driven wheels; drive 
means for driving said primary drive wheel axle; and 
a drive power transmission device for transmitting 
the drive power from said drive means to said sec- 
ondary drive wheel axle; said method comprising: 

a detection step of detecting whether a quick 
starting has taken place or not of said vehicle, 
based on a predetermined high drive power 
output from said drive means; and 
a control step of reducing the drive powertrans- 
mitted from said drive power transmission de- 
vice to said secondary drive wheel axle when 
said quick stating has taken place, by a prede- 
termined amount than that which said drive 
power transmission device transmits to said 
secondary drive wheel axle when said vehicle 
is in an ordinary four-wheel drive traveling. 

14. A control method for a drive power transmission de- 
vice of a four-wheel drive vehicle wherein said drive 
power transmission device connects one of drive 
axles with the other drive axle in dependence upon 
a wheel speed difference between drive wheels ro- 
tated by said one drive axle and driven wheels ro- 
tated by said other drive axle so as to transmit the 
drive power from one drive axle to said other drive 
axle, said control method comprising: 

a traveling start detection step of detecting the 
starting of said vehicle; 
a slip amount calculation step of calculating a 
slip amount based on the wheel speed differ- 
ence between said drive wheels rotated by said 
one drive axle and said driven wheels rotated 
by said other drive axis; and 
a connection degree determination step of de- 
termining the connection degree between said 
one drive axle and said other drive axle to be 
made by said drive power transmission device, 
based on said slip amount calculated at said 
slip amount calculation step when the starting 
of said vehicle is detected at said traveling start 
detection step. 
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15. A control method as set forth in Claim 14, wherein 
said connection degree determination step in- 
cludes: 

a slip level setting step of setting and storing a 5 
slip level based on said slip amount calculated 
at said slip amount calculation step; 
a slip level learning step of executing the learn- 
ing of modifying and storing said slip level 
stored at said slip level setting step in depend- 10 
ence upon the variation of said slip amount; and 
wherein: 

said connection degree determination step 
determines the connection degree based 
on said slip level learnt at said slip level 
learning step. 
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